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INTRODUCTION
The current CTX program is directea towards us-

ing spheromaks as an energy transfer medium to ac-
celerate metal plates to hypervelocity, In the pr~
po6ed 6cherne, the spheromak is first compressed
by accelerating a large plate to moderate velocity
(3 -5 km/s) with high explosives (HE). Another
smaller plate is designed such that it experiences lit-

tle force uctil the spheromak is compremed to a size
comparable to the small plate. Then the farce on
the small plate rises quickly, accelerating this plate
to high velocity. Figure 1 shows the present design
for a proof-of-principle ei-.periment. Present theorct-
ica.1czdcu]ations indicdte ve]ocity gain of the small
plate over the large plate u high M four (geome-
try not the same u Fig, 1), which could produce
20 km/s small plate velocity. In principle, the fi-
n~ velocity is hmited only by the sound speed of
the spheromak (which is very high), and in practice,
is probably limited by ohmic heating in th~ plate
(leading to melting), the amount, of energy that can
be delivered to the large compression plate, and the
energy dissipated by the cpheromak during compres-
sion. “Taking these eflcct.s into account, final veloci-
ties in the range 40- 100 km/6 might be achievable.

Final velocities approaching 100 km/6 will require
compressed epherornak ener~ den ,.Iea comparable
to that of HE (B m 100 T). The desire to keep the
quantity of compression HE down to moderate level~
(of order 100 pound6) dictatee small in.itlal spher~
rn~k oize (S 0.3 -0.4 m), Thus, It is nccessuy to be
able to produce small spheromako with M high an
Initial magnetic field otrength M podble. A proof-
of-princple, velocity gain greater than one, experi”
ment probably requires the Initial maximum iuter-
nal spheromd field !O be 23 T, and future expwi-
menti m~y require a10 T. In addition, the upher~
mnk magnetic energy dimipated during compression
should be minimized. Although compmmion times
of 80- 100 ps arc nhort compared to magnetic de-
cay times In large (0,5 - 1 m) epheromaks, the r!ccay
time drops as the sphcrmnak iIIcompresmd to small
size. ‘1’hue, it is desirable to hnve the sphoromak

aa hot aa possible, and any “anomalous” recistivity
should be miuitized. Figure 2 shows the expected
velocity gain an a functioc of both the initial mti-
mum internal magnetic field and the initial magnetic
decay time, for the geometry shown in Fig. 1.

z (d

Figure 1: Numerical simu]atlon of spheromak dy-
namics in the presence of a compressing dome. The
Yly plate” in the small plate that is accelerated
(starting at m 79 ps) to hypcrvclocity, Spheromak
resistive d~cuy is included in this airnulation.

The CTX facility Is being used to develop
needed techniques to produce small, high-field, low-
resietance 6pheromakn In the laboratory. This will
mooninclude testing a new plaama gun which in in.
expensive enough to eventually ‘blow up” at ~n JIE
firing ~itc. Th; presant experiments use lhc mmo
gun which was uwi for the 0,67. m mc[,h flux con-
scrvcr and the O.fil-m uolid-wall flux conscrver cx-
pcrimrnts, Flgurc 3 shows the ncw solid-wnll low.
magnetic.flcld-error flux connmvcr thut haa been i~l-
stallcd with both radius JLndIcng(h cquid to 0,28-111,
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Figure2: Required initial decay time vs. initial ln-
ternal spheromak magnetic field for velocity gain of
0,5, 1.0, 1.5, and 2.0. The dashed line connects the
point of present npheromak parameters with that we
expect in the near future.

which is equal to the outer-electrode radius of the
gun. The inter-electrode spacing is no longer a small
perturbation on the spheromak. The advantage of

this arrmgernent is the increased energy efllciency of

the gun due to better A matching of the gun and the
spheromak. In addition, the external capacitor bank
circuit has been changed to give shorter (x 180 ps),
higher-powered pulses to the plasma gun,
RESULTS

The highest maximum internal field obtained
to date is s 3,5 T, but the majority of the
data obtained thus far is from spheromaks with
= 2.2 -2,6 T mtimum internal field, The longest

spheromak lifetime is w 1 ms for these conditions.
Thomson scattering electron t~mperature protlles
show T, M high as 350-400 eV, (Ability to measure
etill higher temperatures Iequires a modification to
the Thomrwu scattering spectrometer, which imcur-
rently underway, )

In many flguree in thin report, reference is made
to the value l?a (memnrrcd by thu four mngnctic
proben ~t position #3 scper~ted by !)OOtoroidally,
sw Fig. 3), For reference, the m~imurn ]ntcrnal
field In roughly 2.2 timm an great M 1];!, and 1 MA

of toroidal plasma currcrrt produces 1.3 ‘T for I?3,
!%vsral interesting types nf sphorornak behavior

have been observed In this flux conwwcr. ‘1’ha

Figure 3: This
conserver ueed

figure shows the present small flux
in CTX (made of OFHC copper).

Mao indicated are the end-of the plasma gun, the en-
trance region and associated center plug (both made
of OFHC copper), the magnetic probes (seven posi-
tions indicated, e~h with 4 probes seperated by 90°
toroidal.ly), and the support structure. The mag-
netic pressure developed in present spheromaks was
causing the flux conserver to crack. The support
structure (made of 304SS) was installed to prevent
cracking. The position of the probes which give the
B3 data refered to in the text is indicated.

spheromak tends to n=l tilt (or kink) globally iilto
the entrurce region after sustainment, which has not
beerr observed before in CT!{. This is related to the
fact that the flux ccmervcr diameter is now exactly
the same M the gun and entrance region diameters.
Fortunately, this tendency is substantially reduced
for the hotter spheromaks obtained, rM shown in
Fig, 4. Another observation is the degradation of
energy md particle confinement times, which is as-
sociated with tho standard n=2 kink mode present
during decay of hot spheromaks, shown in Fig. 5,
While this phcnoinenon wu previously obmrvcd in
the mesh-walled flux conserver, the degradation was
●ttributed to the large magnetic field errors, The
n=2 klnh modo had no apparent degracl~~lon on O,S.
charges ;n the O,fll. m solid-wall flux conscrver, which
used a low-tlcld-error dcsigr,. The present flux con-
wcrvcr also hu a solid wail and Is dcdgncd to have
few field crrcwn, The now data indicato a source of
field errors that was not anticipated, Possibilities in.
elude the entr~lcc region, which is perforated with
1“ dinmctcx holcn, 7“ ccntm to ccntcr (for hintoricd
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Figure 4: This data indicates the behavior of the
n= 1 distortion which is frequently observed after
sustainment for two sequential discharges. The
quantity A.-l /An-o repreaentg the ratio of the amp-
litudes for the n= 1 distortion to the tisymmetric
state, M deten.nined by the l?a data (see Fig. 3).
Notice the growth and decay of the mode be-
tween t = 0.2 to t s 0.3 ma in both discharges, how-
ever only the 5 kV discharge distorts otartlng at
t = 0.4 ma (the voltage refers to the capacitor bank
voltage for the gun), Thomson scattering data ~t
t = 0.41 ms indicates that the 4 kV discharge had
central electron temperature and density of 145 eV
and 1.8 x 10’4 cm-3, while the 5 kV discharge had
only 48 eV and 5.6 x 1014 cm-3. While hot dis-
charges without n= 1 distortions have been produced
at 5 kV (see Fig, 5 for ●xample), there tendm to be
strong n= 1 distortion for colder discharges regud-
Iem of bank voltage.

reanone), rounded comers with too small a radius of
curvature leadirig to flux penetration, ~d the fact
that the flux conservcr is (unfortunately) dietordcd
and out-of-round. Additionally, the cornpxative]y
large inter-eiectrode opacing may mako the n=2 kink
mode intrinsically more detrimental. An effort to
understand this situation is ongoing.

The data in Figs, 6- f3summarize momcof the best
rc~uit~ oi)taincd in the latest configuration, The lino
avmage den~ity in obtained from the C02 interfcr-
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Figure 5“ This data indicates the degradation of par-
ticle and energy confinement times correlated with
n=2 activity normally present during dtcay of hot-
ter discharges. The quantity An_2/Am_o-represents
the ratio of the amplitudes for the D=2 mode to
the axisymmetric state, as determined by the B3
data (SH Fig. 3), The faat oscillatory behavior after
t = 0.34 ms is an artifact of the .simpiistic technique
used to obtain An.a; the real value is the envelope,
as indicated by the heavy line. Notice the “pump
out” of plasma density starting as soon as the n=2
activity starts, and the incremed decay rate of B:t
starting & 0.08 me later. The detriment is believed
to be caused by unexpected magnetic field errors.

ometer, and the Thomson scattering data is from the
muiti-point ay~tcm, which covers an entire radius of
the flux conmrvcr, and is absolutely calibrated for
dcneity using Raman scattering in nitrogen.
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Fig. 6. T& figure ahowa a long lived, high field discharge. Fig. 7. This ilgure shows the Thomson
The highest field producul at present is 1.6 T wall field,
but theme chcharg~ are not yet optimized, and therefore

6catiri.ng dab at 260 w h fOUr

didarwJ with 1.0 T rndmum Wd
do not last aa long. field and = 6X1014density at the laaer

~ time.
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Fig. 8. This figure shows the wall field and density w time, and the Thomson ocattaring data
at 310 w for ons of ~veral discharges with dab above 200 eV.


